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Abstract 
 
Background/Aim. Catheter-related infections are a sig-
nificant morbidity and mortality cause in patients on 
hemodialysis. The objective of this study was to determine 
the incidence, to analyze risk factors and to identify etio-
logical causes of catheter-related infections in these pa-
tients. Methods. The study was carried out at the Clinic 
for Nephrology and Clinical Immunology of the Clinical 
Centre of Vojvodina, from August, 2012 to May, 2015. 
One hundred and thirteen patients on chronic hemodialy-
sis participated in the study. The risk factors of catheter-
related infections in the infected patients were to those in 
the control group, as follows: demographic and laboratory 
parameters, co-morbidities and the use of immunosup-
pressive therapy, the length of hemodialysis treatment, ur-
gent catheter placement, the position and placement diffi-
culties, the number of insertions and catheter maneuver-
ing, the existence of permanent vascular access in matura-
tion or without a vascular access in the course of catheter 
positioning, catheter life, surgical procedures (≤ 30 days 
from catheter placing), the length of hospitalization and 
isolated infection causes. Results. One hundred and 

ninety-seven catheters were placed in 113 patients, among 
which 182 of them temporary. The total number of cathe-
ter days was 17.842, the incidence of infections was 
3.53/1,000 catheter days. During the monitoring period, 
63 catheter-related infections were diagnosed, 54 (85.7%) 
with temporary and 9 (14.3%) with permanent catheters. 
Multivariate logistic regression analysis (with border val-
ues/levels determined by receiver operating characteristic 
– ROC analysis) determined independent predictors of 
catheter-related infections in the following order: hemo-
globin levels < 95 g/l (p < 0.001) and albumin levels < 33 
g/l (p = 0.041), catheter duration of > 90 days (p = 0.004), 
> 2/day catheter maneuvering (p = 0.011) and the dura-
tion of hospitalization of > 15 days (p = 0.003). The main 
pathogen was Staphylococcus spp. Coagulase negative. Con-
clusion. Intensifying of prevention measures and infec-
tion control would significantly reduce the frequency of 
catheter-related infections and the number of hospitaliza-
tions. The timely creation of a native arteriovenous fistula 
would decrease the use of hemodialysis catheters. 
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Apstrakt 
 
Uvod/Cilj. Infekcije povezane sa kateterom i dalje pred-
stavljaju značajan uzrok morbiditeta i mortaliteta kod bo-
lesnika na hemodijalizi. Cilj ovog ispitivanja je bio da se 
utvrdi incidencija, analiziraju faktori rizika i identifikuju 
etiološki uzročnici kateter infekcija kod ovih bolesnika. 
Metode. Ispitivanje je sprovedeno na Klinici za nefrologi-
ju i kliničku imunologiju Kliničkog centra Vojvodine u pe-
riodu od avgusta 2012. do maja 2015. godine. Ispitivanjem 
je bilo obuhvaćeno 113 bolesnika lečenih hroničnim he-
modijalizama. Upoređivani su faktori rizika od infekcija 
povezanih sa kateterom kod bolesnika sa dokazanom infe-
kcijom u odnosu na kontrolnu grupu. Analizirani su de-
mografski i laboratorijski parametri, komorbiditeti i upot-
reba imunosupresivne terapije, dužina dijaliziranja, urgent-

no plasiranje, pozicija i otežano plasiranje katetera, broj 
mesta insercije i manipulacija kateterom, postojanje traj-
nog vaskularnog pristupa u maturaciji ili bez vaskularnog 
pristupa tokom plasiranja katetera, dužina trajanja katetera, 
hiruške intervencije (≤ 30 dana od plasiranog katetera), 
dužina hospitalizacije i izolovani uzročnici infekcija. Re-
zultati. Kod 113 bolesnika plasirano je 197 katetera, od 
kojih su 182 bila privremena. Ukupni broj dana katetera 
iznosio je 17,842, a incidencija infekcija je bila 3.53 sluča-
jeva na 1,000 kateter dana. Tokom perioda praćenja pot-
vrđene su 63 kateter-povezane infekcije, 54 (85.7%) priv-
remenih i 9 (14.3%) trajnih katetera. Multivarijantnom lo-
gistističkom regresionom analizom (granične vrednosti od-
ređene receiver operating curve – ROC analizom), kao nezavi-
sni prediktori kateter-povezanih infekcija dobijeni su: vre-
dnost hemoglobina < 95 g/l (p < 0.001) i albumina < 
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33g/l (p = 0.041), trajanje katetera > 90 dana (p = 0.004), 
> 2/dan manipulacije kateterom (p = 0.011) i trajanje hos-
pitalizacije > 15 dana (p = 0.003). Najčešći uzročnik je bio 
Staphylococcus spp. koagulaza negativan. Zaključak. Intenzi-
viranje mera prevencije i kontrole infekcija bi znatno sma-
njilo učestalost kateter-povezanih infekcija i broj hospitali-

zacija. Pravovremeno kreiranje nativne arteriovenske fistu-
le smanjilo bi upotrebu dijaliznih katetera. 
 
Ključne reči: 
bubreg, dijaliza; kateter, povezane infekcije; faktori 
rizika. 

 

Introduction 

The number of patients at the end-stage of renal disease in 
the need of renal replacement therapy is rising in Europe and the 
world 1. At the end of 2013, 5,775 patients were on renal repla-
cement therapy, and the majority of them was on hemodialysis – 
4,480 2. The quality of life and survival expectancy of those pa-
tients depend on the duration of functional vascular approaches 
(VA) 3. Since the artery-vein fistula (AVF), which was depicted 
back in 1966 by Braescia and Cimino, has the longest survival 
rate and the least complication frequency, it should, whenever it 
is possible, be the first choice for VA 1. Hemodialysis catheters 
are used for quick establishing of an adequate VA, when urgent 
hemodialysis is indicated in time of maturation of AVF and in 
patients in whom all other VA have been exhausted 1, 4. Despite 
the priorities of AVF, nearly 80% of those patients start treat-
ment with the dialysis catheters 3. The previous papers have 
shown that VA is the major risk factor for the infection occur-
rence in  the patients undergone hemodialyses. It is concluded 
that they suffer from a lesser risk of infections with AVF and 
artery-venous graft (AVG), and from a greater risk with 
temporary or permanent catheters 5. The frequency of catheter-
related infections ranges from 1.0 to 5.5 episodes in 1,000 cathe-
ter days 6–8. In relation to the patients with the permanent VA, 
the ones who are dialyzed via catheters are hospitalized two to 
three times more due to infections 9. The catheter infections cau-
se a significant morbidity rate as well as the mortality increase 
for more than 50% in relation to the patients with the native 
AVF 10. Besides, metastatic infections are present in 5% to 10% 
of patients with catheter sepsis in the form of osteomyelitis, en-
docarditis, septic arthritis and epidural abscess 11. The risk infec-
tion factors  related to catheters are the make and the position of 
catheters, and those related to patients are comorbidities, pati-
ents'  hygienic conditions 12. The most frequent etiological cul-
prits of infections are gram-positive microorganisms, although 
bacteremia can be caused by gram-negative microorganisms as 
well. These patients are at risk of infections caused by hospital 
multi-resistant cultures that are less susceptible to many antibio-
tics 13. The isolation of etiological agent and determining of an-
tibacterial susceptibility profile are important to obtain a better 
prognosis 14. 

The objective of this research was to determine the in-
cidence rate, to analyze risk factors and to identify etiologi-
cal causes of catheter-related infections in patients on chro-
nic dialysis. 

Methods 

The research was conducted retrospectively at the Cli-
nic for Nephrology and Clinical Immunology of the Clinical 

Centre of Vojvodina from Aug, 2012 to May, 2015. It inclu-
ded 113 hospitalized patients over 18 years of age on chronic 
dialysis treated for 4 hours, three times a week. The kind of 
dialysis was bicarbonate on polysulphate capillary membrane 
of the surface of 1.1 to 1.3 m2, blood flow of 250–300 
mL/min. The research involved the patients who had under-
gone an urgent temporary catheter placement (with or 
without AVF) in order to start an active treatment for renal 
insufficiency and the patients with replaced or permanent 
catheters due to maturation or loss of the existing permanent 
vascular access fistula and graft (AVF, AVG). The patients 
who were excluded from the research are: the patients with 
acute renal insufficiency, the patients from other 
hemodialysis centres temporarily dialyzed at our centre, the 
ones who started dialysis at home, the ones transferred from 
peritoneum dialysis to hemodialysis as well as transplant pa-
tients with no graft. 

The risk factors for catheter-related infections were 
compared between the examined group and the control group 
of patients with no infections in the course of the research 
period. Since several patients had more infections on diffe-
rent catheter positions, every new infection of the placed cat-
heter was analyzed. If one catheter in the course of the same 
hospitalization caused several infections, only the first infec-
tion entered the statistical data. Some patients had a 
temporary catheter placed for a longer period due to inability 
of permanent vascular placement (VP), and in such cases, the 
duration of temporary and permanent catheters was determi-
ned. Defining of urgently placed catheters meant quick sol-
ving of vascular access from vital indications in the patients 
with or without AVF/AVG in maturation. Placing difficulties 
caused swelling and hematomas or bleeding at the spot of 
catheter placement. 

The following was analyzed: demographical and 
laboratory parameters, comorbidities, the use of immunosup-
pressive therapy, the length of dialyzing, urgent placing, the 
position and difficulty positioning, the number of insertion 
spots as well as catheter maneuvering, the existence of per-
manent vascular access in maturation or without vascular ac-
cess during catheter placement, the length of catheter use, 
surgical procedures (≤ 30 days of catheter placement), the 
duration of hospitalization and the isolated infection causes. 

Temporary catheters with two lumens were placed by 
an anesthesiologist by a modified Seldinger method, whereas 
the permanent ones were administered by vascular surgeons 
who, after the placement, drew catheter subcutaneously, i.e. 
tunneled it along the anterior rib cage wall using the aseptic 
technique 15. After placing a non-tunneled catheter, prior tur-
ning it on, 10 mL of blood was aspirated from every rod, 
then every lumen was widened with 10 mL of 0.9% NaCl. In 
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tunneled catheters, the procedure was the same, only the 
widening of the catheter was 40 ml 0,9% NaCl (especially in 
femoral catheters which are longer). At the end of dialysis, 
after turning off, the procedure was repeated, and then the 
catheter lumens were aseptically locked with heparin. While 
determining the heparin volume, the values prescribed by 
producers and inscribed at every catheter lumens were 
carefully taken into account. Then, the exit was cleaned by 
benzine, Codane (uncolored alcohol solution) and Octanisept 
(Octenidine tenoxi ethanol) along with bandaging. 

In the monitored period, all places of catheter insertion 
were checked, the swabs of the exit place and blood cultures 
were examined. Every time when infection was suspected, 3 
sets of 7–10 mL of blood cultures were taken by vein punc-
ture and from the lumens of dialytic catheters. Himedia Hi-
Combi Dual Performance Medium HiSafe Blood Culturing 
System 40 mL was used for hemocultures. They were pro-
cessed by standard laboratory technique and with the help of 
BacT/Alert 3D (Bact/Alert, bioMerienx, Marcy l Etoile 
France) of the automatic system for continual monitoring of 
hemocultures. After aseptic catheter removal, the tip of cat-
heter of 5 cm was processed in a sterile lab container by sta-
ndard microbiological method. 

The diagnosis of catheter-related infections was defined by 
at least one blood culture and the culture from the catheter tip 
with the same pathogen along with clinical manifestations of the 
infection with no evidence of the other infection source 16. 

If it was a bacteria that makes normal skin flora 
(Staphylococcus spp. Coagulase negative, etc.), the infection 
was included in the research only when the same microorga-
nism was isolated in two blood cultures along with clinical 
manifestation of infection 17. Demographic and laboratory 
data were collected along with medical documentation of the 
Clinic for Nephrology and Clinical Immunology. The 
following laboratory parameters were analyzed: hemoglobin, 
iron, ferritin, albumin, calcium and phosphorus. The analyses 
(Hg, Erci and Het) were done on the BECKMAN COUL-
TER machine by HmX method impendence and flow 
citometry. The serum concentrations of calcium and phosp-
horus were processed by photometric method. Albumin se-
rum was determined by a photometric color test on the 
OLYMPUS analyzer by using Beckman Coulter kits (Ire-
land). Iron levels and ferritin were processed on the Archi-
tech c8000 analyzer by Abbott company with commercial 
sets of the same company (Wiesbaden, Germany). Ferritin 
leves were obtained by the immunoturbimetric method, 
while iron by the colometric method. 

In the course of this analysis, numerical data were 
shown by the mean value, standard deviation and median, 
whereas descriptive variables by absolute and relative num-
bers. The following statistical methods were used: χ2, t-test, 
Mann-Whitney U test, receiver operating characteristic 
(ROC) analysis and multivariate logistic regression analysis. 

Results 

One hundred and ninety-seven catheters were placed in 
113 patients, 182 of which were temporary. The total number 

of catheters was 17,842, with the infection incidence of 3.53 
cases in 1,000 catheter days (the number of days of 
temporary ones was 14,521, and of permanent ones was 
3,321, with the infection incidence of 3.72 and 2.71 cases in 
1,000 catheter days). In the course of the monitoring period, 
63 catheter-related infections were diagnosed, 54 (85.7%) 
temporary and 9 (14.3%) permanent catheters. Thirty-five 
patients (19.2%) had one infection, while 19 (10.4%) two  or 
more infections. Nine (60%) patients using permanent cathe-
ters had two or more infections. During the monitoring peri-
od, 9 patients had their temporary catheters replaced by per-
manent ones, 3 patients had two permanent catheters grafted. 
Univariate analysis of catheter-related infection risk factors 
showed that the infection catheter group in relation to the 
control group had statistically significantly lower levels of 
hemoglobin, iron, albumin (p < 0.005): longer period of 
dialyzing, higher mean value of catheter duration (median 
85:79), more insertion spots, a greater number of catheter 
maneuvering and a bigger number of hospital days (Tables 1 
and 2). Multivariate logistic regression analysis (forward 
conditional model) of univariate significant risk factors for 
infection occurrence (border values determined by ROC 
analysis), as independent predictors of catheter-related infec-
tions, were singled out as follows: hemoglobin levels < 95 
g/L (p < 0.001), albumin levels < 33g/L (p = 0.041), catheter 
life of > 90 days (p = 0.004), > 2/day catheter maneuvering 
(p = 0.011) and the length of hospitalization of > 15 days (p 
= 0.003) (Table 3). 

Table 4 shows isolated causes of catheter infections. 
Gram-positive microorganisms were isolated in 55 (87,3%) 
patients. The most common pathogen was Coagulase-
negative staphylococci 42.8%, then Staphylococcus aureus 
31.7%, Enterococcus faecalis 7.9%, Enterococcus spp. 3.2% 
and Enterococcus faecium 1.6%. Gram negative (Proteus 
mirabilis and Klebsiela pneumonia 2%) and polymicrobic 
microorganisms were isolated in 6.3% patients. 

Discussion 

Catheter-related infections and sepsis are linked to a 
high morbidity rate and hospitalization, high treatment costs 
and a poor survival rate 17. The previous studies dealt with 
diverse numerous risk factors related to catheter infections. 
According to literature, the use of central venous catheter, 
the most frequent risk factors for catheter-related infections 
in hemodialytic patients were: female gender, diabetes, ane-
mia, hipoalbuminemia, urgent catheter placing, inadequate 
hygiene of hands prior catheter maneuvering and previous 
hospitalization 7, 18–20. The infection incidence in our study 
was 3.53 cases in 1,000 catheter days (temporary 3.72; per-
manent 2.71 cases in 1,000 catheter days), similar to the re-
sults of certain previous studies 6, 7, 21. 

The patients of both groups were of average age > 60 
and did not differ in age in relation to catheter-related infec-
tions, which was confirmed by some studies opposed to the 
study by Murea et al. 22 in which the patients aged 75 had 
60% less frequent infections 22–24. However, our patients dia-
gnosed with infection suffered from a significantly higher  
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Table 1 

Risk factors with dialysis catheter infections (univariate analysis) 

Risk factors 
Catheter infections  

n = 63  
No catheter infections n = 134  p 

Gender (M/F), n/n  24/21  48/20  0.095  
Age (years), ґ ± SD 63.4 ± 12.7  63.1±10.04  0.912 
< 65, n (%) 34 (31.5)  74 (68.5)   
65–75, n (%)  12 (26.1)  34 (73.9)  0.392 
≥ 75, n (%)  17 (39.5)  26 (60.5)  

DD (months), ґ ± SD  43.0 ± 44.6  23.4 ± 26.1  0.004* 
Co-morbidities, n (%)     

hypertension 58 (92.1)  120 (89.6)  0.766 
coronary disease  7 (11.1)  22 (16.4)  0.444 
cardiomyopathy 43 (68.3)  79 (59.0)  0.273 
acute brain stroke  14 (22.2)  18 (13.4)  0.176 
diabetes mellitus  28 (44.4)  50 (37.3)  0.425 
DSD 32 (50.8)  58 (43.3)  0.405 
PAOD 6 (9.5)  6 (4.5)  0.288  
HOPD 3 (4.8)  7 (5.2)  0.597 

malignant disease  1 (1.6)  11 (8.2)  0.059 
Hemoglobin (g/L), ґ ± SD  93.1 ± 9.1  106.2 ± 10.5  < 0.001* 
Iron (µg/L), ґ ± SD  9.5 ± 5.9  11.2 ± 6.1  0.026* 
Ferritin (µg/L), ґ ± SD  742 ± 594  668 ± 605  0.211 
Calcium (mmol/L), ґ ± SD  2.21 ± 0.23  2.27 ± 0.21  0.055 
Phosphorus (mmol/L), ґ ± SD  1.83 ± 1.37  1.77 ± 0.41  0.328 
Albumin (g/L), ґ ± SD  32.4 ± 5.8  35.8 ± 5.4  < 0.001* 

 DD – dialysis duration; DSD – digestive system diseases ; PAOD-peripheral artery occlusive disease;  
HOPD – chronic obstructive pulmonary disease; M/F – male/female; *p < 0.05. 
ґ – mean; SD – standard deviation; n (%) – number (percentage) of patients. 

 

Table 2 
The risk factors in dialysis catheter infections (univariate analysis) 

Risk factors 
Catheter infections  

n = 63  
No catheter infections  

 n = 134  
p 

Position of temporary/permanent catheter, n/n     
v. jugularis  35/5  93/2  0.201/0.174 
v. subclavia  10/2  25/4  
v. femoralis  9/2  10/0  

Catheter duration (days), ґ ± SD  120.8 ± 98.0  77.3 ± 74.0   
< 30, n (%)  11 (22.9)  37 (77.1)  
30–90, n (%)  24 (27.3)  64 (72.7)  0.017* 
> 90, n (%)  28 (45.9)  33 (54.1)  

Number of catheter insertions    
1, n (%)  38 (33.9)  74 (66.1)   
2, n (%)  6 (15.8)  32 (84.2)   
≥ 3, n (%)  19 (40.4)  28 (59.6)  

Urgent catheter placement , n (%) 19 (30.2)  55 (41.0)  0.189 
AVFa , n (%)  26

 
(26.0)  74 (74.0)  

AVGa , n (%)  3
 
(25.0)  9 (75.0)   

No accessb
 
n (%)  34 (40.0)  51 (60.0)   

Catheter maneuvering difficulties, n (%)  13 (20.6)  13 (9.7)  0.059 
Catheter maneuvering ≥ 3/days, n (%)  14 (22.2)  14 (10.4)  0.026* 
Surgical procedures, n (%)  25 (39.7)  46 (34.3)  0.283 

Length of hospitalization, (days) ґ ± SD  34.62 ± 33.7 23.37 ± 25.2 0.010* 
Immunosuppressive therapy, n (%)  0 (0.0) 7 (5.2) 0.064 

AVF – arteriovenous fistula; AVG-arteriovenous graft; а Permanent vascular access in maturation;  
b No permanent vascular access or the loss of it; *p < 0.05. 
ґ – mean; SD – standard deviation; n (%) – number (percentage) of patients. 
 

Table 3 
Risk factors with dialysis catheter infections (multivariate analysis) 

Risk factors Beta SD p OR 
Hemoglobin < 95 g/L 2.505 0.410 < 0.001 12.2 
Albumin < 33 g/L 0.808 0.395 0.041 2.2 
Catheter duration > 90 days 1.188 0.418 0.004 3.3 
Catheter maneuvering > 2/day 1.403 0.551 0.011 4.1 
Hospitalization duration > 15 days 1.177 0.402 0.003 3.2 
Model constant -3.683 0.526 < 0.001 0.02 

SD – standard deviation; p – probability; OR – odds ratio. 
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Tabela 4 
Frequency of isolated pathogens 

Pathogen n (%) 
Gram positive microorganisms 55 (87.3) 

Staphylococcus species Coagulase-negative 27 (42.8) 
Staphylococcus aureus 20 (31.7) 
Enterococcus faecalis 5 (7.9) 
Enterococcus species 2 (3.2) 
Enterococcus faecium 1 (1.6) 

Gram negative microorganisms 4 (6.3) 
Proteus mirabilis 2 (3.2) 
Klebsiela pneumoniae 2 (3.2) 

Polymicrobic flora 4 (6.3) 
 

medium length of hospitalization, which can be explained by 
exhaustion of permanent vascular approaches along with a 
more frequent need to replace temporary catheters and 
eventually the need to replace them with permanent ones. 
The frequency of the monitored stages and disorders was si-
milar to other developed countries 25. The patients of the ad-
vanced age have complex changes of the immune system and 
very often conjoint chronic diseases such as systemic 
hypertension and diabetes 26. Grothe et al. 27 have shown that 
diabetic and hypertonic patients have 22% more chances to 
develop catheter infection. Since it is well-known that diabe-
tes leads to impaired immune system and in combination 
with immunosuppressive uremia, it can lead to a higher risk 
of bacteremia; the link between diabetes and catheter infecti-
ons is confirmed in certain studies 7, 27. While some authors 
highlight that simultaneous renal insufficiency and surgical 
procedure, hematological malignancies, neutropenia that 
lasts longer than 8 days and  presence of coalesced 
immunodeficiency have a role in infection development, so-
me others did not validate this connection 23, 28. In our study, 
we did not link comorbid states and the use of immunosup-
pressive therapy with dialytic catheter infections, as opposed 
to significantly lower values of hemoglobin, iron and albu-
min in relation to the control group of patients, which corre-
sponds with previous study results 7, 14, 20. The lower hemo-
globin levels can be related to the risk of iron overload, 
which increases the colonization of bacteria and weakens the 
phagocyte function 29. Hypoalbuminemia is frequent in 
dialytic patients due to malnutrition and it contributes to the 
occurrence of bacterial infection 30. Lukowsky et al. 31 have 
shown that one third of deaths in the first 90 days of 
hemodialysis was related to hypoalbuminemia < 35 g/l. Mul-
tivariate analysis showed that the albumin levels of < 33 g/L 
and hemoglobin levels of < 95 g/L are significantly indepen-
dent predictors of temporary catheter infection, which refers 
to a compulsory hypoalbuminemia and anemia correction in 
order to decrease infections. We have not found the differen-
ce between the patients with or without catheter infection in 
relation to ferritin values, which corresponds with the study 
results in which the infections of temporary and permanent 
vascular approaches were analyzed 7, 21.  

In terms of the planned VA treating, the risk of cathe-
ter-related bacterial infections increases 2.21 times in urgent 
cases when it is necessary to place or replace a catheter 

within 24 hours 20. In 37.6% of catheters that were urgently 
placed (with or without AVF/AVG in maturation), we did 
not diagnosed significantly more infections, which is a 
slightly lower percentage in relation to the same results of 
other studies 14, 32, 33. 

According to the literature data, the most widespread 
position of temporary catheters is in interior jugularis vein, 
which is shown in both groups of our patients 14, 34. Although 
vascular access societies and the European Best Practice Gu-
idelines (EBPG) for hemodialysis advise on using the right 
jugularis vein as the way to place tunneled vascular cathe-
ters, the most widespread of these catheters in our infected 
patients was the jugularis vein, as opposed to subclavia vein 
in the control group 35. It was not established that the catheter 
position was a significant risk factor for temporary or per-
manent catheter-related infections. In earlier studies, the gre-
atest frequency of infections was with temporary femoral 
catheters, followed by jugularis then the access under clavic-
le. According to Caylan et al. 20 the position of temporary 
catheters in femoral vein creates 2.14 times bigger risk for 
catheter-related infections occurrence. However, the results 
of recent studies do not link the insertion spot of temporary 
and permanent catheters to a higher risk of infections 36–38. 

Other analyzed risk factors include, according to univa-
riate analysis, a greater number of insertion spots and 
frequent catheter maneuvers. Catheter maneuvering > 2/day 
was established by multivariate analysis, creates 4.1 times 
bigger risk of catheter-related infection occurrence. Caylan et 
al. 20 concluded that inadequate hygiene of hands 
immediately before catheter maneuvering created higher risk 
that maneuvering itself ≥ 3/day. Catheter placing difficulty 
was not a significant factor for catheter infections in our pa-
tients, which was shown by Gauna et al. 14. During hospitali-
zation of the catheter placed patients, we have not found that 
a permanent VP in maturation or its loss influenced infection 
occurrence. A big comprehensive recent analysis has shown 
that starting catheter dialysis long before AVF predicts, that 
a continual use of catheter as a dialytic access during one 
year increasea a infection risk. Over 13% of all patients had 
at least one positive blood culture in the first year of starting 
dialysis, and the risk infection was 3 times higher in the pati-
ents with catheter in relation to AVF 39. 

The use of vascular catheters in Serbia is smaller the 
one in Dialysis Outcomes anal Practice Patterns Study 
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(DOPPS) countries, where they are used as a permanent ac-
cess in 4–18% patients, if we exclude Japan with 1% of the 
patients, although it is bigger than those  recommended by 
the Vascular Access Society and European Guide 35, 40. The 
explanation was similar to the findings from previous years: 
permanent catheters are positioned in a small number of refe-
rence centres, procurement discontinuity, the existence of pa-
tients with exhausted vascular access, numerous co-
morbidities and a short survival expectancy period 2. In rela-
tion to the above mentioned, it is not unexpected that infecti-
on occurs in cases of significantly shorter catheter use in 
comparison to the control group, which is depicted in most 
studies, except for one where no statistical significance was 
found 5–7, 41, 42. Fram et al. 19 analyzed the duration of 
temporary and permanent vascular access by using three pe-
riods (0–30, 30–180, > 180 days) and concluded that the in-
fection incidence is significantly higher up to 30 days, which 
highlights the need to careful implementation of prevention 
measures in the course of catheter positioning 19. Napalkov et 
al. 43 showed that most infections caused by temporary cathe-
ters occurred in the first 90 days, notably, that the incidence 
rate was 5.1/1,000 catheter days, and that the infection risk was 
higher up to 6 months from catheter positioning, which leads to 
a conclusion that catheter treatment should be intensified in the 
mentioned period. It was concluded by multivariate analysis that 
in the period of > 90 days, the risk of infection is 3.3 times hig-
her, but the sample of permanent catheters in our patients was 
relatively small and some temporary catheters were used as 
permanent vascular access. According to the valid recommenda-
tions, catheters should not be changed in order to prevent infec-
tions, but it is necessary to decrease their use by ensuring matu-
red AVF. Besides a smaller infection risk, we are fully aware of 
other advantages of permanent catheters in relation to temporary 
ones. Permanent catheters are better than temporary ones even 
in intensive care units if catheter is expected to stay longer than 
3 weeks 44. 

The implementation of immunosuppressive therapy and 
surgical interventions (≤ 30 days from catheter positioning), 
were not related to infections in our patients, which corres-
ponds with the results of two other studies 14, 20. 

The duration of hospitalization was a significant risk factor 
for the occurrence of infections in our patients, notably the in-
fection risk increased 3.2 times in the period of hospitalization 
of > 15 days. The previously mentioned risk factor for dialytic 
catheter infections was confirmed in certain studies 42, 45–47. 

Most infections were a result of gram positive microor-
ganisms (87.3%), which is confirmed by most studies, altho-
ugh the presence was from 33% to 72.8% 7, 8, 19–21. Two most 
common isolated gram-positive pathogens were 

Staphylococcus Spp. Coagulase negative and Staphylococcus 
aureus, which was not surprising considering that both of 
them have skin origin. The sum data from 1992 to 1999 indi-
cate that Staphylococcus Spp. Coagulase negative is the most 
isolated pathogen for hospital-catheter-related infections 
(37%), followed by (13.5%) 48. In comparison to more recent 
studies, the most common isolated pathogens were 
Staphylococcus aureus and Staphylococcus epidermis 5, 7–9, 13, 14. 
In our patients, Staphylococcus was isolated in (31.7%) cases 
after Staphylococcus spp. Coagulase negative (42.8%), and 
according to the percentage of incidence, it corresponds with 
the results of most studies 7, 19–21. Isolated Staphylococcus au-
reus is potentially lethal, and the annual frequency of its inci-
dence in dialysis patients is between 6 and 27% 49, 50. 
Mokrzycki et al. 51 have shown that the infection of tunneled 
catheters caused by this pathogen causes more than 3 times 
higher risk of complications due to infection, as well as 4 ti-
mes higher risk of recurrent bacterial infection or death within 
3 months in relation to other pathogens. However, two studies 
have shown that Staphylococcus aureus is the most frequent 
gram positive microorganism, although the most present ones 
were gram-negative bacteria isolated from blood culture 14. 
Gram-negative microorganisms were isolated in 26.9 (56%)  
cases, while fungus was less common 7, 8, 19–21. The infections 
caused by gram-negative bacteria are difficult to treat due to 
high resistance and they can cause nosocomial infections and 
are frequently linked with high mortality rate 52. Polymicrobial 
pathogens can be present in 9.5–11% of catheter-related bacte-
rial infections 22. In our study, a slightly lower percentage of 
gram-negative bacteria and polymicrobial pathogens were iso-
lated (6.3%). This study had certain limitations that were 
typical in retrospective data collecting character. Since it is an 
intersection study, the data on VA patients that had been trea-
ted by chronic dialyses were not included. 

Conclusion 

The levels of hemoglobin of < 95g/L, and albumin of < 
33 g/L, the duration of catheter treatment of > 90 days, > 
2/day manipulations and the length of catheter hospitalizati-
on of > 15 days are independent predictors of catheter-
related infections. Anemia correction, better nourishment, 
reduced rate of dialysis catheters by timely AVF introducing 
along with enhancing prevention measures and infection 
control recommended by official guidelines and adjusted to 
the conditions of hemodialysis unit by multidisciplinary team 
supervised by epidemiologists would significantly lower the 
frequency of catheter-related infections and the number of 
hospitalizations.  
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